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[i\_cid dichlorides of the type described in this report can be used for
the sy;thesis of analogs of known cholinesterase inhibitors, i.e., nerve
gases,

The reaction of formaldehyde with

phosphorus trichloride was investigated.

It was found that at 250° C the acid chloride of

chloromethyl phosphonic acid

is formed with a 60 percent yield.

A number of derivatives of this acid were

obtained. The secondary and intermediate products of the reaction were in-
vestigated. Their structure confirms ihe scheme of the reacticn of aldehydes
and phosphorus triculoride, which we proposed earlier.

In previous reports ‘[_f,'T we showed that the acid chloride of of -chloro
alkyl phosphonic acid is formed in the reaction of aldehydes with phosphorus
trichloride upon heating to 206° C in zealed tubes and in & molar ratio of 1:1:

RCHC] . POC) 2

We also made the asswaption that this reaction goes tnrough the stage of
addition of three aldehyde molecules to the phosphorus trichloride, with the
formation of the corresponding chloro-substituted esters of phosphorous acid,

RCHO + PCI3=

e.8.:

OCHC1CGH

BCly + 3 C R CHO= pfocm:lcsﬂj

3 5 OCHCICERE
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This compound undergoes an Arbuzov rcarrangenent under the <frect t of halogen-~
,substituted alkyl group of ‘is own molecule:

1

Cell5 - CHCL P/"hﬂ"lu@ IZT ACHICG RS
K —- CEHSCH - B

97 NocHCICails \1 JecICels

f Acicicgl
4iCH
Il\owcu‘( 5

The ester of the o“-chloro—su.bstimted acia which i “orrcd roocis with
the excess phosphorus trichloride to form the ac'i cilrride of the & -rnloro-
suhstituted phosphonic acid and egain the sanc ester ~f phosphorous aszid:

€1 OCHCICEs b

2 PC1aRTICEHCIPOCY, + EF(PRIC1 )y

O OCHCICAI-
0
The latter agsin underguct tn arbuzov rearrangenent. :in,. 48 long as ithe
reaction does not come teo an enl with a mol-to-mol ratic  f tha couponents,

We also stated that Lo rewsidion whish we founé is gri.e z.meon =nd can
serve for the preperat'on of various of -halogen-substit-ted phes;bhenin L:oids,

The report belor deals with a more detailed in'.'cs\.ig,autun cf this reaction,
under application to the simplest possible aldehyde, i.c., - fermaléehyda.  Since
water-free rformaldehyde reacts vinlently with phosphorus trichlerid: and
polymerizes during the reaction, v: carried out the reactlon with rufornul -
dehyde, following the o 1le of Page /2 /27, As 1in the case of Mv‘..a- dehyde,
parafermaldehylde roacts s 2

v with nkn“ horus trictlertde. forming @ syrup-
11%e masg from which no individusl unbsta:\ce.. can be separa

. In dfsbtlia-
tion, even at & high vacuum. it decompases, ard under no clrcunstunces does {t
lend itself to crystallization =r other purification methods, uu'--n.\i.z, ie

this symp-11%e 1085 1 hested in a seeled tube or In ¢
for 5 Lo 10 hours, it becones dark, flnid, and can thoen be d
vacuum, giving a 6C to £3 percent yleld of the acid chlcride
phospronic ec’d (I). The process is cxpressed by the gentril

CH-0 + Yola = "L:v-,,}'\m (8]

The actd ¢hlortde f ckleromethyl phosphonic acld ¢
atoms, sharply differing with respest to thelr reaction
chlorine atoms ~° the actd r loride sre easily hydroli sef
of chloromethy hesphoniz actd (IT)

SICE,POK,

N T d

(11) X = ou; {ITI) X = OCis; (Iv) X = 0G4l (v} n= mvEaiulu

Pouring into aicohol (methy) or cthyl) converts th. nolfd

methyl ester (IIT) or ethyl esver (IV) of chlorcmeily) _
tively., On the other hand, the exchange of the third ‘11'01.10
brought chout only with great difficulty. It cannut t
ing with water, nor by heating with water in & sealed tui:
heating with weter £4 2509 C will convert the chloronetiy”
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oxynethyl phospronic acid (v). 7this corpoune hed already toen synthesized by
Page [_l Tn view of t‘1= fact thet the melting tempersture of chloromcthyl
phosphcnic actd (86-87.5 © ¢) coincides with that cited by Paze for oxymethyl
phosphonic acld, we syuthesized oxyrethyl phosphonic acid according to Page’s
method, Tt ap,e._red from this exper ~iment that the thoroughly drled acid has
& higher melting point (99-00. 5°72), e identifled a&ll preparciions by relt-
ing mix=d samples.

‘e assime that the reaction of phosphorus trichlorids with formaldehjde
pracecds cccording Lo a scheme resembling that cited ip the irst report of

this serics for thas react*on of phosphorus trizhloride wiih henzaldehyde:

171, 4 3CH,0 —> p(oc312c1)3 -

P(52iL1 ) y—— c:»l,_,/-r(xxmecl)z
4
J 1

Cily - F{OTL01)p— 9 C1CIL 'fi(ocwm)

s} w1 C

3Cl‘(,'ﬂ,)P((X. i l) + 2PC1 —-—P 3 CICH_ POCL, + 2p(Gi L)
e 2 2 2
(1)

In fawoe of this assumy ‘nn we can also cfte some experimental detu b
tained in & detailed study of the rescilon bebween paraforaaldehyde and phos-
phorus trici.lor! ’c, $1, widitlian Lo the arguments statnd in the Piret report,
which wers of wneral chacecter.

L]

-.Zxa: the rewation with phosphosus
the direction of the formuatinn of
rercent. In all

Abnve ul
trichlorid
acid chln

“ue clreuvsiuns

OOoHNEoexe
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1. Five gr of 'ry paraformaldehyde (0.167 mols) and 35 gr of phosphorus ;
trichloride (0.250 mols) were heated for 10 hr in a sealed tube at 235-245° ¢,
f

From the reaction product, the phosphorus trichloride was first distilled off

in a low vacuum, and the residue was then distilled in vacuum. After two

distillations, 17.1 g:r (61 percent) of acid chloride (I) were obtained (bp
1.

84-85° C at 13 mm, n 4990); residue !.iL gr.

2. Five gr of paraformaldehyde {0.167 mols) and 23 T gr of phosphorus
trichloride (0.172 mols) were heated for 2 hr at 180-200° C. After three
distillations, 4.5 gr (16 percent) of acid¢ chloride {I) vere obtained, with

ag9:1.6361), In addition,
1.5 gr of an intermediate fraction with a boiling point of 95-120° C at 15 mm
and O, ? (1.5 percent) of product (VI) with a boiling point of 120° at

a boiling point of 87-88° C at 15 mm (nﬁ0 1.4978;

15 om (n§C:1.4949) were obtained. The residue was 4.5 gr.

3. Five gr of paraformaldehyde (0.167 mols) and 7 9 gr phosprorus tri-
chloride (0.057 mols) were heated for 2 hr at 190-210° C, After 3 distilla-
tions, a total of 1 gr 8 percent} of acid chloride (I) with a boiling point

ofSE"CatEmmandn

(uﬁo 1.4920) resulted. The nondistilling residue weighed 6.8 gr.

1.4980, and also a small intermediate fraction as
vell as O.h gr of product {VI) with a bolling point of 96-99° C et 2 mm

k. Thirty gr of paraformaldehyde (1 mol) and 72 gr of phosphorus tri.
chloride (0.5 mols + 5 percent) were heated for 2 hr to 160-180° C. After
gseveral distillations, 17 gr (10 percent) of product (I), 2 gr Sl percent)

of product (VI), and 0.2 gr of prnduct (VII) (boiling point 120
ng :1,4BT0) were obtained.

C at 2 mm;

5. For obtaining large quantities of acid chloride (I}, the experiment

was carried out in an autoclave under the conditions of Experiment 1.

With a

charge of 1 gram-mol of paraformaldehyde and 1.5 gram-mols of phosphorus tri-
chloride, 0.6 mols of acid chloride (I) were obtained. The acid chloride can

easily be prepared in any quantity by this method.

Ac1d Chloride of Chloromethyl Phosphonic Acid (I). Tpis substance is a
colorless, mobile liquid, which fumes slightly in air. It is insoluble in
water, but reacts quicklg with 1t under evolution of heat. Bolling point

sg 888 ¢ at 1 o, 84-85
0.1,4978; dé :1.6361; MR: 30.00; MR (calculated): 29.74.

Percentage of phosphorus found: 18,01, 18.25

Percentage of phosphorus calculated in CHQOPCI3: 18.52

C at 13 am, 78-79% C &t 10 mm, 52-53° C &t 2 mm;

Acid Chloride of The Monochloromethyl Ester of Chloromethyl Phosphonic
- Acid (VI). Colorless 1iguid fuming in eir, soluvle in water. Boiling point

84-85° C at 1 mm, 99-101° C &t 2 mm, 120° C at 15 wm; d20:1.6082;
MR :35.86; MR (calculated): 35.63.

Percentages found: C:12,15; H:2.11; P:16.02, 15.58

C2Hh02PC.L3 percentages calculated: C:12,15; H:2.02; P:15.70

nﬁot 1.4942;

On repeated distillation, the substance decomposes, splitting off formal-

dehyde.

Dichloromethyi Ester of Chloromethyl Phosphonic Acid (VII). A colorless

liquid which does not fume in air. Boiling point 120° C at 2 mm; n|
Percentage of phosphorus found: 12.93, 13.13
Percentage of phc- ‘horus calculated in C4lgO3PCl3: 13.60
-5 -
S-E-C-R-E-T
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Fecauce of the nmall quantity of the substiance obtained in the reection,
rore dctalled cherec’eristics cannot be given.

Obtaining of Acid Chloride of Chloromethyl Phosphonic Acid From the Nondistill-
ing Residue

20.5 gr of phosphorus pentachloride were added to the 5.8 gr of nondistill-
ing recidue left from the distillation of theo products of the reactisn between
pareforrmaldehyde ani phusphorus trichloride. The reaction proceeded violently
at first, but et the cnd heating on & water bath wes required to dissolve the
11st portions of phosphorus pentachloride. 9.5 gr of phospherus oxychloride
w.re obtained, which were driven off at 38-42° C and 6 mm (in this process, a
part of the crychloride did not corndense). 7.0 gr of acid chloride (I) with a
bo’ling point of B4-86° C were shtained. The residue {carbonaceous substances)
was 1.0 gr.

M shyl Ester of Ciloromethyl Phosphonic Acid (111}

Five gr of acid chioride (I) were mixed under strong cooling {using a
cooling mixture) #ith 15 gr of abselute methyl alcohol and the mixture was left
to stand overnight. Then the alcchiol wus distillcd off in vacuum, and the
residue was distilled. Afte:r two distillations, 2.5 gr of methyl ester of
chloromethyl ghosphonic acld were obtained, Tt boiled at 59-60° C at 1 mm,
n20:1.4825; dh0:1.3283; MR: 31.60; MR {calculated}:31.7%, It is a colorless
1Tquid.

Percentages found: C:22,52, 20 43; #4:5.02, 4.95
C-HgO3PCL percentages calculabed: C€:22,7T1; H:5.09

Ethrl Ester of Chloromethyl Phosphonic Acid (IV)

Prepared similarly to the preceding substance, 3 gr of cthyl ester of
chlcromethyl phosphonic acid were obtained from 5 gr of acid chloride (1) ana
15 gr of absolute ethyl alcohol after twe dfstillations. The substance bolled
at 80-81° C at 2 um. In carrying ot the symuinesis on a large scele, & yleld
reacking 72 percent was obtained. A colorl:us ligquid, solup&c in \mteroand
easily scluble in slcohol. Poiling point 1007 C at $ mm; nﬁ 11.h415; d"E:].l992;
MR:41.12; MR (calculated) 41.02,

Percentages found: C:32.07, 20,18 16,23, £.10
Cji11203PC‘. pircentages calinlated: Cr32.17, H:€6.54

Chloromethyl Phosphonic Acid (II)

The acid chloride 28 chloramatnyl phoophonle asid {I) fumes inatr. It
is hygroscopic and forms e homogeneous sulution. When it 1s placed in &
desiccator over sulfuric scid, 1t gradually crystallizes ip large veedles.
However, on recrystellizing the substarce ohtained in nonner, 3t is dif-
ficult to reach a shaoply defined celbing point {rosibly becsuse of the forma-
tion of snhydrides). Gz 2cid was obtalnel In the ture femm 'n wxperine ts ir
which attempts to seponify ihe third chlorinc atem Ly heating with water werc
made .

Five gr of acid chloride (1) wore added, drop ¥ drap, o 15 ml of water.
The mixture ‘-as then evapcrated on & water bath. ihe was removed by evepore-
tion with v r and aicohol. The residus was left in the degicecator cver
sodium hydroxide. After arying (4 gr), it was twice recrystellized from &
mixture of ether and toluene with gredual evaporstion of the solvent in a
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The substance ig soluble in water, alcohol, glacial acetlc acid, ethyl acetate,
and ether. It is insoluble in benzene, petroleum ether, and dichlorcethane;
however, it is difficult to precipitate it with i.ese solvents.

desiccator over paraffin end sulfuric acid. The boiling point was 86-87.5° C. E
4,
Percentages found: C:9.27, 9.33; H:3.03, 3.03
CH,04PC1 percentages calculated: C€:9.20; H:3.06

Oxymethyl Phosphonic Acld From Chloromethyl Phosphonic Acid

0.8 gr of chloromethyl phosphonic acid and 10 ml of water were heated in
a sealed tube for 2 hr to 250° C. The syrup vwhich remained after evaporation
of the solution was placed in a desiccator over phosphorus pentoxide. It
crystallized within 2 days. The substance wes recry:*allized by dissolving
it in a minimum quantity of absolute alcohol and adding ethyl acetate. The
substance crystallized out on evaporation of the solvent over sulfuric acid
and paraffin. The melting point was 98-99° C; the melting point of & mixed
sample with oxymethyl phesphonic acid prepaered according to Page's method @7
and recrystellized by the same meth~1 (melting point 99-100.5° C) was 98-100° C.
The melting poim: of 8 mixed sample uith tl ¢ initial chloromethyl photphonic
scid was 64-65° C. Thus, cx metnyl phospt-ric acid, obained from chloromethyl
phesphen ¢ acid, is identical to that lu.p arcd sccording to Page's method.

The analysis of the cxzyme

tLyl phosphtionic acid rrepared from chlororethyl H
phosphenic acid is ag £3llows:

Percentages found: C:10.%3, 10,47; 4,07, 4
CHSO;;P percentages calculated: C:10.71; H:ib.Lk€
Summary

1, Phosphorus trichlcride reacts with formaldehyde, forming the acld
chloride of chloromethyl phosphonic acld ClCHALICCla.

2. The constitution of the acid chloride of chloromethyl phosghonic acid
is indicated ty 1ts conversion into the chlorc-acid C]CHEPO(OH)Q and further
into the oxy-acii OHCHpPC(CiH),.

3. C‘tCIiQPO(OR)E, esters of chleromethyl phosphonic acld were ottained.

4. The proposed mechanism of the reaction of formaldehyde with phosphorus
trichloride is as follows:

3 CHNO + PC13= P(OCEi2C1)3

P(0CHCL) 3 = CICHRPO(OCHLC )5 (Artuzov rearrangement)

(9]

‘.-C!IZPO(,J. 1) — ey [‘(\“ ( + P\N‘H. '1) etc.)
PCl,
5. In confirmation of the proposed mechenism of the reactlen,
CICH,PO(OCHC1), and CICH,PO(OCHCL)CL were isoleted from the reaction ulxiure,
in addit'on to ClCiIpPOClp.
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